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Abstract The incidence of hip fractures continues to rise.
This study is the first evaluation of a new intramedullary
implant, the Veronail, that provides double axis fixation
into the femoral head and allows the surgeon to choose
whether to use sliding or fixed locked proximal screw
fixation for trochanteric femoral fractures. The fractures
were classified according to the AO classification, and
function was assessed with the Modified Harris Hip Score.
111 patients with trochanteric fractures were evaluated in
eight Italian hospitals. The stable 31.A1 fractures were
treated with sliding proximal screws, the subtrochanteric
31.A3 fractures with converging proximal screws, and the
unstable 31.A2 fractures were treated with both types of
proximal fixation. The unstable fractures treated with
locked converging screws had the same function at one
year as those treated with sliding screws. This study sug-
gests a possible new method of treating unstable
trochanteric femoral fractures. This may be the solution to
prevent excessive collapse of the fracture with the resultant
poor function and persisting pain noted in the literature.
Two converging locked proximal screws seem to provide
stable fixation in 31.A2 femoral fractures and produce as
good a result as the use of traditional sliding screws. The
role of converging locked proximal screws in unstable
trochanteric fractures requires further evaluation.
Keywords Multi-center clinical trail  Outcome study 
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Introduction
The incidence of proximal femoral fractures has increased
significantly in recent years and is expected to continue to
rise with increasing life expectancy [10, 13, 17]. In 1990
there were approximately 1.7 million proximal femoral
fractures worldwide and the projected estimate for 2050
approaches 6.3 million [20]. The effect of these fractures is
frequently devastating [19]; the social impact is high and
the relative costs of treatment are increasing. For these
reasons methods of osteosynthesis that will permit early
mobilization and a rapid return to pre-injury levels of
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independence are sought by surgeons who treat these
patients.
Although the treatment success of hip fractures using
modern sliding implants has improved compared with rigid
implants [16], considerable morbidity and mortality still
exist especially in comminuted and unstable fractures.
Excessive sliding of the femoral neck screw has been
associated with suboptimal results [1, 18]. At the Decem-
ber 2005 meeting of the AAOS Evidence Based Practice
Committee, it was reported that 18–33% of hip fracture
patients die within 1 year and 25–75% do not gain pre-
fracture function [9]. A single-centre analysis of 1,024
patients with pertrochanteric fractures treated with the
DHS reported satisfactory results, but the 12 month mor-
tality rate documented was 31% and the proportion of the
surviving patients walking, independently or with walking
aides, at 1 year was 51% [4].
In this prospective multi-centre study, the authors
investigated the ease of use, post-operative results and
complication rate of a new intramedullary device, the
Veronail Trochanteric System, for pertrochanteric frac-
tures of the proximal femur. A unique feature that
distinguishes this implant from other double-axis systems
is the alternative configuration of the cephalic screws,
with either two parallel sliding screws or two convergent
screws locked to the nail. This design allows the surgeon
to select, depending on the degree of stability present
once the fracture is reduced, the configuration of screws
to use. It was hypothesized that the full range of pertro-
chanteric fractures could be treated satisfactorily with an
intramedullary device that offers either a double-axis




The implant used in this study was the Veronail (Orthofix
Srl, Bussolengo, Italy). This is an intramedullary device
which is 200 mm long with a proximal diameter of 15 mm
and a distal diameter of 10 mm. The nail allows the use of
two different proximal fixation options (Fig. 1): two par-
allel cephalic sliding screws or two converging fixed
screws. The parallel sliding screws consist of two screws
with an integral sleeve which are inserted together: each
sleeve is first screwed into and locked to the nail, and then
the 7 mm screw is advanced into the femoral head under
X-ray control. This allows 10–40 mm of sliding (depend-
ing on the length of the screw) but without risk of the screw
disengaging from the sleeve. The second proximal locking
option utilises two converging screws without sleeves.
These are inserted using the same guide handle as the
sliding screws but with the proximal converging screw
using a separate guide hole in the handle. The converging
screws are locked firmly into the nail and provide secure
locked fixation of the femoral neck and head. The two
types of screws are colour-coded and it is important that
they are not mixed. The choice of the proximal configu-
ration therefore depends on the clinical and biomechanical
characteristics of the fracture and of the patient. Fractures
considered stable can be treated with the sliding configu-
ration while unstable fractures may benefit from the use of
convergent locked proximal screws. Surgeons would opt to
use the fixed convergent proximal locking option if they
considered there was risk of excessive collapse. Converg-
ing screws may also be used on the rare occasions when the
Fig. 1 Veronail: parallel and
converging screw configuration
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femoral neck is too narrow to accommodate two parallel
screws and for subtrochanteric fractures which are known
to benefit from strong fixation with an intramedullary
device [9].
Distal locking can be either static or dynamic at the
discretion of the treating surgeon and according to the bone
quality and fracture type. With these exceptions to the
proximal and distal screw configurations, all patients were
treated using the same protocol; they were mobilised as
rapidly as their condition would allow, with weight-bearing
as tolerated and full weight-bearing permitted early or as
soon as deemed feasible by the treating institution protocol.
One hundred and eleven patients with proximal femoral
fractures were prospectively evaluated in 8 Italian hospi-
tals. Using the AO classification type A1 fractures are
considered stable and type A3 unstable. With type A2
fractures the degree of instability is variable and is
dependent on comminution. Some fractures remain very
unstable even when fully reduced.
Pre-injury activity and functional levels were recorded
using the modified Harris hip score (MHHS, Harris 1969,
Fig. 2); the section on evaluation of hip movements by
hospital personnel was omitted and replaced with follow-
up telephone interviews [14]. The fracture was classified
according to the AO and the distribution of fracture types
and proximal screw configurations are shown in Table 1.
All patients received peri-operative antibiotics and an-
tithromboembolic prophylaxis (with low-molecular weight
heparin) in accordance with hospital protocols. Other data
were recorded as in Tables 1 and 2.
All patients were enrolled into a rehabilitation pro-
gramme for at least 30 days and were reviewed at 6 weeks,
4 months and 1 year after surgery using functional evalu-
ations (MHHS, weight-bearing status achieved).
Fig. 2 Modified Harris hip
score
Table 1 Operative details of patients, distributed by fracture type and proximal configuration











% transfusion (mean units
per patient)
31.A1 48 (43%) 46 40:07 46 (0.74) 2 65 50 (1.0)
31.A2 54 (48.6%) 23 45:03 30 (0.43) 31 47:03 39 (0.65)
31.A3 9 (8.1%) 0 0 0 9 51:09 33 (0.56)
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Statistical analysis
Data were entered into an Excel (Microsoft Office 2003)
spreadsheet and imported into SAS v 9.1 (SAS, Carey, NC,
USA) for statistical analysis. Descriptive analysis was
based on the total number of subjects with data available at
each time point. Univariate analysis of dichotomous data
was conducted using Chi-square tests while continuous
data were analyzed using Student’s t-test or Mann–Whit-
ney U test as appropriate. Statistical significance was
determined at a P value \ 0.05.
Results
The mean age of the 111 patients was 79.3 years (47–97);
81 (73%) were female and 30 (27%) male. Fracture types
were distributed as shown in Table 1. The mean time for
surgery (incision to closure) was 46 min (20–120).
Reaming of the diaphysis to 11 mm was necessary in only
5 cases (4.5%).
Post-operative blood transfusions were required in 42
patients (37.8%) with an average of 1.6 units (1–4) used
per patient transfused. The overall transfusion requirement
for the whole sample was 0.60 units per patient. The mean
hospital stay was 7 days (5–14). The operative details as
stratified by fracture type are reported in Table 1.
Fifteen patients (13.5%) died in the first year, 5 (4.5%)
had a complication that necessitated hardware removal and
in one patient (0.9%) the final evaluation could not be
carried out due to amputation related to diabetes. Nineteen
patients (17.1%) could not be contacted were lost at the
1 year review. The remaining 71 (64%) patients were
assessed at 1 year for final review either at a hospital visit
or through a telephone interview. Figures 3 and 4 show
examples of fracture union of two patients treated with the
parallel and converging proximal screw configurations,
respectively.
The mean pre-operative MHHS was 73 (with a maxi-
mum of 91). This value was used to determine a relative
percentage in the return to pre-trauma activity levels as
shown in Fig. 5.
Screw cut out occurred in five cases (4.5%). Two were
in type A1 fractures with one treated with parallel sliding
screws and the other treated with converging screws; two
in type A2 fractures treated with parallel sliding screws.
The fifth patient developed screw cut out a few days after
surgery. This was in an A3 fracture noted to have intra-
articular penetration of the locked convergent screws
(Table 2). All remaining fractures healed uneventfully
without any reported instances of infection, pseudoarthro-
sis, or implant failures. There was no association between
the method of proximal configuration and risk of cut out
(P = 0.9) but distal locking configurations showed a
smaller risk if used in dynamic mode (P = 0.004).
Analysis of variables associated with weight-bearing
demonstrated that two factors were influential- the pre-
operative MHHS and body mass index. Figures 6 and 7
suggest that weight-bearing ability is associated with pre-
operative health as reported previously. This study also
shows that the pre-injury modified HHS has a strong
relationship to the weight-bearing ability at 12 months and
that a lower BMI at presentation was predictive of poor
function at 12 months.
When these variables were included in a logistic
regression model that controlled for the body mass index,
the study centre, methods of proximal and distal locking
configuration and fracture type, the model was predictive
(P = .009) of full weight bearing ability. The only factor
Fig. 3 A 70-year-old female
with an A1.1 fracture treated
with the parallel configuration
of proximal screws of the
Veronail. a The initial fracture
pattern, b post-operative
radiographs after surgery,
c follow-up at 6 weeks, and
d 3 months
Table 2 Screw cut-out divided by fracture type and proximal
configuration
Fracture and proximal configuration (n) Cut-out
A1 parallel (46) 1
A1 converging (2) 1
A2 parallel (23) 2
A2 converging (31) 0
A3 converging (9) 1
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independently associated with this outcome was the pre-
operative MHHS (OR 1.107, 95% CI 1.023–1.197).
Figure 8 shows the changes of the MHHS by fracture
type over 12 months. Although, as might be expected, the
unstable A2 fractures had a lower score at discharge, the
difference disappears thereafter and the A2 fractures had as
good an MHHS score at 12 months as did the A1 fractures.
Discussion
The treatment of proximal femoral fractures using fixed
angled implants was succeeded by sliding screw devices
which produced an improvement in union rates and fewer
fixation and implant failures [12, 15]. A meta-analysis of 14
studies with 3,069 patients showed an increased risk of
cut-out (13% vs. 4%), non-union (2 vs. 0.5%), implant
breakage (14 vs. 0.7%) and re-operation (10 vs. 4%) for
fixed nail plates in comparison with the sliding implants [8].
In addition patients treated with fixed nail plates had a higher
mortality rate and survivors more likely to have residual hip
pain and impaired mobility. For the past 3 decades the use of
sliding screw implants for the fixation of proximal femoral
fractures has been almost universal. Two main designs are
popular; an extramedullary device (e.g., the Dynamic Hip
Screw, DHS) and an intramedullary device (the Gamma nail
and equivalent cephalo-medullary constructs). Both types
achieve fixation in the femoral head with one or two sliding
screws. Extensive clinical investigation has failed to show
that either type of device is superior although there is the
suggestion that intramedullary devices may be biomecha-
nically more stable [2, 3, 21–24, 26–28].
Fig. 4 A 65-year-old male with an A3.1 fracture treated with the converging configuration of proximal screws in the Veronail. a The initial
fracture pattern, b post-operative radiographs after surgery, c follow-up at 4 weeks, d 3 months, and e at 1 year
Fig. 5 Changes in the modified
Harris hip score over the study
period to 12 months
Fig. 6 Influence of pre-injury weight-bearing Fig. 7 Influence of pre-injury body mass index
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Alternatives to the sliding screw designs have been
proposed for the treatment of unstable hip fractures. Rigid
fixation with a reinforced device was reported to allow
fracture healing without settling in intertrochanteric frac-
tures in a 358 patient study [25]. Further analysis reported
that 82% in this series obtained good or excellent results
with no difference between stable or unstable fractures.
This study highlights several points in this vulnerable
group of patients at the different stages of management.
Pre-operative
Health status of the subject prior to trauma appears to
influence the primary outcome of ability to weight-bear
following fracture repair. While this has been implied by
earlier studies [7] and recent evidence [11], this study adds
that two further objective measures, namely the MHHS and
body mass index, establish the association more definitely.
Intraoperative
The percentage of patients who required a transfusion
(37.8%) and the mean amount transfused for the whole
group (0.60 units) was at the lower end of previous pub-
lished results as was the duration of surgery (mean 47 min)
[2, 21, 25]. The reasons for the lower morbidity may be
implant related; the smaller nail diameter and screws used
(as compared with other devices) leads to a reduced need
for reaming of the intramedullary canal which, in this
series, was required in only 5% of cases. It must be
acknowledged that these better results may also be related
to the gradual improvement of the peri- and post-operative
care of elderly patients.
Postoperative
Average hospitalisation was 7 days and was dependent on
social factors and hospital protocols. Of the 54 AO 31.A2
fractures, 23 were treated with parallel and 31 with con-
verging proximal screws. The converging configuration of
proximal screws, as used in type A3 fractures and the more
unstable type A2 fractures (when the lateral wall proved to
be particularly at risk), seemed to withstand the tendency
of these fractures to collapse. In this series there were no
implant failures or non-unions in the very unstable frac-
tures; additionally, the unstable A2 fractures did as well as
the stable A1 fractures.
Functional assessment
An improvement to 46% of the pre-operative modified
Harris score was achieved during the hospitalisation per-
iod—this increased to 86% after 4 months. The percentage
of all the patients at 1 year who were walking indepen-
dently or with one stick was 52%. This compares very
favourably with other published studies; in the largest
single series of patients treated with the DHS this was
35.1% [9]. Another study that used the same criteria for
mobility at 12 months found that 29% of their total number
of patients was walking independently or with one stick at
1 year [2]. This suggests a possible association with better
mobility (at 1 year) from stabilisation with this device.
No patients required hardware removal for pain on the
lateral side of the thigh and there were no fractures distal to
the nail, lending support to recent articles suggesting that the
reduced diameter of modern trochanteric nails may be
influencing the incidence of these complications [29, 31].
Coupled to the absence of implant failures in this series (there
were no nail or screw breakages), there is now evidence that
reduced diameter implants can provide adequate stability for
immediate load-bearing even in unstable fractures.
We were unable to find an association between the type
of fracture and post-operative walking ability (P = 0 .73).
Previous studies have shown that a significant proportion of
the more unstable 31A.2 fractures suffer from variable
degrees of collapse and femoral shaft medialisation and
that a high proportion of these patients go on to have poor
function [5, 6, 30]. In this study patients who had sustained
A2 fractures had equally good functional recovery as those
with A1 fractures at 12 months. All patients with type A3
Fig. 8 Modified Harris hip
score by fracture type
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fractures were also without gait disturbance at 12 months.
Further post-hoc analysis suggested that these patients with
type A3 fractures maintained a higher MHHS throughout
the observation period.
Conclusion
The treatment of stable fractures with a Veronail using a
parallel sliding cephalic configuration of screws produced a
similar complication rate to that experienced with other
intramedullary nailing systems and for stable fractures
treated with a DHS plate. The high stability, low incidence
of mechanical complications and minimal invasiveness of
this device are favourable factors supporting its use.
The fixation of unstable fractures with the Veronail
using a converging cephalic configuration of screws rep-
resents a new solution in the search for the correct
compromise between initial stability, minimal invasive-
ness and permitted immediate load-bearing. It protects the
biological healing potential of the fracture site and mini-
mises the classic complications of screw cut out, collapse
and gait disturbance seen in these fractures The elasticity
within the nail favours fracture healing (0% non-union
rate), even when used with the cephalic convergent con-
figuration of proximal screws, and may prevent secondary
deformities which frequently occur in unstable fractures
treated with a cephalic sliding configuration. The func-
tional results at 1 year compare favourably with other
published results.
These results demonstrate the Veronail can be adapted
to the various patterns of proximal femoral fractures and its
use is compatible with a good outcome in terms of healing,
recovery of pain-free walking ability and a low incidence
of complications. The results from this multi-centre study
are promising and appear to challenge the established
indications of the use of sliding implants. Fifty-seven
percent of the 31.A2 fractures treated here with a fixed
implant that did not allow sliding revealed 1-year mobility
outcomes that were better than previously published
figures. The initial hypothesis that this new device, owing
to the adaptable configuration of proximal and distal
locking screw options, may be suited to all types of per-
trochanteric fractures is supported by these initial results.
Further studies are required to define which combination of
such screw configurations, both proximal and distal, are
most appropriate for the different fracture types.
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